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Abstract: 



PURPOSE: To enhance stability of developed color images, ground brightness and 
ground stability, by providing on a base a thermal color forming layer comprising a leuco 
dye and a color developer consisting of a phenolic sulfone compound of a specified 
general formula. 

CONSTITUTION: A leuco dye and a color developer of formula I (X is -0-, >C=0, 
>OC=0, 0=CO<, Y is a lower alkyl, alkoxyl or halogen, n is an integer of 1~ 10, and m is 
an integer of 0^3) are dispersed to prepare a coating liquid. The coating liquid is 
applied to a base such as a paper, a synthetic paper and a plastic film, followed by 
drying to provide a thermal recording layer, thereby obtaining a thermal recording 
material. Examples of the phenolic sulfone compound of formula I, which is a color 
developer, include the compounds of formulas II and III, whereas the leuco dye may be a 
triphenylmethane leuco dye, a fluoran leuco dye or the like. 
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JP-A-64-72891 . 

SPECIFICATION 

1. Title of the Invention 

Thermosensitive recording material 

2. Scope of Claim for a Patnet 

(1) A thermosensitive recording material taking 
advantage of a coloring reaction between a leuco dye and 
a color developer for developing a color by making 
contact with the leuco dye, wherein a phenolic sulfone 
compound represented by the following general formula is 
used as the color developer: 

0 0 0 

* 1 * 

wherein X represents -0C- or -CO- ; y represents a 

lower alkyl group, an alkoxy group or a halogen atom; n 
represents an integer of 1 to 10; and m represents an 
integer of 0 to 3. 

3. Detailed Description of the Invention 
[Technical Field] 

The present invention relates to a thermosensitive 
recording material, in particular to a thermosensitive 
recording material excellent in image stability. 
[Prior Art] 

The thermosensitive recording material usually 
comprises a thermosensitive coloring layer formed on a 
support such as a sheet of paper and synthetic paper, and 
plastic film, and the thermosensitive coloring layer 
contains as a principal ingredient a color forming system 
comprising a colorless or pale-colored color forming dye 
as a color coupler and a color developer for developing 
the dye by heating. Color images are obtained by heating 
the thermosensitive recording material with a thermal 
pen, a thermal head, a laser light or a stroboscopic 
lamp. This type of the recording material has an 
advantage over other kinds of recording materials in that 
a record is obtained using a relatively simple equipment 
without applying troublesome treatments such as 
development and fixing, less noise is generated and the 
environment is less polluted, and the recording cost is 
cheap as compared with other recording materials. 
Accordingly, the thermosensitive recording material is 
not only used for duplication of books and documents but 
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also is useful as recording materials for computers, 
facsimiles, ticket vendors, labels and recorders. 

Colorless or pale-colored leuco dyes having a 
lactone, lactam or spiropyran ring have been used for 
color forming dyes, and organic acids or phenolic 
substances have been used as color developers for the 
thermosensitive recording material. Recording materials 
using such color couplers and color developers have been 
widely used due to their high image density and excellent 
whiteness of the background. However, the 
thermosensitive recording medium have been required to 
have improved quality in response to increasing recent 
demands for the thermosensitive recording method. It 
have been an essential condition for the thermosensitive 
recording material to yield an image that is highly 
stable against oils and fats, and plasticizers contained 
in plastics, in the field where reliability of the 
recorded image is particularly emphasized. 

For enhancing the stability of the recorded image, 
it has been proposed to form, for example, a 
thermosensitive coloring layer containing a large 
quantity of water resistant and chemical resistant 
resins, or a thermosensitive coloring layer containing a 
resin curable by heat or light, or to form a resin 
protective layer on the surface of the thermosensitive 
coloring layer. However, these layers tend to make 
manufacturing process complicated while reducing response 
ability to heat. 

Proposals for enhancing stability of the image by 
improving color developers include a method using 
bisphenol S derivatives as disclosed in JP-A-58-204 93, 
JP-A-58-82788, JP-A-59-96911 and JP-A-60-13852 , a method 
using tris-phenol as disclosed in JP-A-58-160191 , and a 
method using metal salts of carboxylic acids as disclosed 
in JP-A-57-6795, JP-A-61-47292, and the like. However, 
neither of these methods seem to be insufficient with 
respect to coloring of the background, color change of 
the background, coloring of the background due to 
plasticizers and solvents, and stability of images 
against oils and plasticizers. 
[Object of the Invention] 

The object of the present invention is to provide a 
thermosensitive recording material being excellent in 
stability of developed images while having a high degree 
of whiteness of the background and being excellent in 
stability of the background. 
[Construction of the Invention] 

The present invention provides a thermosensitive 
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recording material taking advantage of a coloring 
reaction between a leuco dye and a color developer for 
developing a color by making contact with the leuco dye, 
wherein a phenolic sulfone compound represented by the 
following general formula is used as the color developer: 

0« 



0 0 0 

1 I I 

wherein X represents ~°"« -C*% -0C- or -CO- ; y represents a 
lower alkyl group, an alkoxy group or a halogen atom; n 
represents an integer of 1 to 10; and m represents an 
integer of 0 to 3. 

The thermosensitive recording material according to 
the present invention is excellent in stability of the 
image while having a good stability of the background by 
using the phenolic sulfone compound as the color 
developer . 

Although the phenolic sulfone compounds to be used 
in the present invention are exemplified below, the 
present invention is by no means restricted thereto. 

Compound No. Structural Formula 

< 4 > Bo-O-soHoy** 
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HO-0-SQ r CH»(%&-^C 1 8t. 



While the leuco dye to be used in the present 
invention is used alone, or as a combination of at least 
two of them, those to be arbitrarily used in this kind of 
thermosensitive recording material include 
triphenylme thane, f luoran, phenothiazine, aur amine, 
spiropyran, and indolinophthalido dye based compounds. 
Examples of these leuco dyes are: 

3, 3-bis (p-dimethylamninophenyl) phthalide; 

3, 3-bis (p-dimethylamninophenyl) -6-dimethylamino- 
phthalide (or crystal violet lactone) ; 

3, 3-bis (p-dimethylamninophenyl) -6-diethylamino- 
phthalide; 

3, 3-bis (p-dimethylamninophenyl) -6-chlorophthalide; 
3, 3-bis (p-dibutylamninophenyl) phthalide; 
3 -cyclohexyl amino- 6- chlorof luoran; 
3 -dimethyl amino- 5, 7-dimethylf luoran; 
3-N-methyl-N-isobutyl-6-methyl-7-anilinof luoran ; 
3-N- e thy l-N-isoamyl-6-methyl-7-anilinof luoran; 
3-di ethyl amino- 7 -chlorof luoran; 
3 -diethylamino- 7 -methyl f luoran; 
3 -diethyl amino- 7, 8 -benzf luoran; 
3-die thy 1 amino- 6-me thy 1-7 -chlorof luoran; 
3- (N-p-tolyl-N-ethylamino) -6-methyl-7- 
anilinof luoran ; 



(26) 



(27) 



(28) 



(29) 



(30) 
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3 -pyrrolidino-6-methyl-7 -anilinof luoran; 
2- [N- (3' -trif luoromethylphenyl) amino] -6- 
di e thy 1 amino- f luoran ; 

2- [3, 6-bis (diethylamino) -9- (o- 
chloroanilino) xanthyl] benzoic acid lactam; 

3- diethylamino-6-methyl-7- (m- 
trichloromethylanilino) f luoran; 

3-diethylamino-6-methyl-7- (o-cloroanilino) f luoran 

3-dibutylamino-6-methyl-7- (o-cloroanilino) f luoran 

3 -N-me thy 1-N- amy 1 amino- 6-me thyl -7 -anilinof luoran; 
' 3 -N-me thy 1-N-cyclohexyl amino- 6-methyl-7 - 
anilinof luoran; 

3 -die thyl amino- 6-methyl- 7 -anilinof luoran; 

3-diethylamino-6-methyl-7- (2' , 4' - 
dimethylanilino) f luoran; 

3- (N, N-diethylamino) -5-methyl-7- (N, N- 
benzylamino) f luoran; 

benzoylleuco methylene blue; 

6' -chloro-8 ' -methoxy-benzoindolino-pyrrilospiran; 

6' -bromo-3' -methoxy-benzoindolino-pyrrilospiran; 

3- (2' -hydroxy- 4 ' -dimethylaminophenyl ) -3- (2' - 
methoxy-5' -chlorophenyl ) phthalide; 

3- (2 f -hydroxy-4' -dimethylaminophenyl) -3- (2' - 
methoxy-5' -nitrophenyl ) phthalide; 

3- (2' -hydroxy-4' -dimethylaminophenyl) -3- (2' - 
methoxy-5' -methylphenyl ) phthalide; 

3- (2' -methoxy-4 ' -dimethylaminophenyl) -3- (2' - 
hydroxy-4' -chloro-5' -methylphenyl ) phthalide; 

3-morpholino-7- (N-propyl- 
trif luoromethylanilino) f luoran ; 

3-pyrrolidino-7-trif luorome thyl ani lino f luoran; 

3-diethylamino-5-chloro-7- (N-benzyl- 
trif luoromethyl- ani lino) f luoran; 

3-pyrrolidino-7- (di-p-chlorophenyl) methylamino 
f luoran; 

3-diethylamino-5-chloro-7- (a- 
phenylethylamino) f luoran; 

3- (N-ethyl-p-toluidino) -7- (a- 
phenylethylamino) f luoran; 

3 -die thyl amino- 7- (o-methoxycarbonyl- 
phenylamino) f luoran; 

3-diethylamino-5-methyl-7- (a- 
phenylethylamino) f luoran; 

3- diethyl amino- 7 -pyperidinof luoran; 

2- chloro-3- (N-methyltoluidino) -7- (p-n- 
butylanilino) f luoran; 

3- (N-methyl-N-isopropylamino) -6-methyl-7-anilino 



f luoran; 

3-dibutylamino- 6-methyl- 7 -anilinof luoran; 
3, 6-bis (dimethyl amino) f luorenespiro (9, 3' ) -6' - 
dimethylaminophthalide; 

3- (N-benzyl-N-cyclohexylamino) -5, 6-benzo-7-ot- 
naphthylamino-4' -bromof luoran; 

3-diethylamino-6-chloro-7-anilinof luoran; 

3-N-ethyl-N- ( 2-ethoxypropyl ) amino~6-methyl-7- 
anilino fluoran; 

3-N-ethyl-N-tetrahydrofurylf rylamino-6-methyl-7- 
anilinof luoran; and 

3- diethylamino-6-methyl-7-mesitydino-4 ' , 5' - 
banzof luoran . 

While the color developers represented by the 
general formulae above are used in the present invention, 
other color developers may be used, if necessary. The 
preferable color developers to be used together include 
various electron accepting compounds for allowing the 
leuco dyes to develop respective colors by making contact 
with the color developers such as phenolic compounds, 
thiophenolic compounds, urea derivatives, and organic 
acids and slats thereof. Examples of these compounds 
are : 

4, 4' -isopropylidene bisphenol; 
4, 4' -isopropylidene bis (o-methylphenol ) ; 
4, 4 f -sec-butylidene bisphenol; 
4,4' - isopropylidene bis (2-tert-butylphenol ) ; 
4,4' -cyclohexylidene diphenol ; 
4, 4' -cyclohexylidene bis (2-chlorophenol ) ; 
2, 2' -methylene bis ( 4-methyl-6-tert-butylphenol ) ; 
2, 2' -methylene bis ( 4-ethyl-6-tert-butylphenol ) ; 
4,4' -butylidene bis ( 6-tert-butyl-2-methylphenol ) ; 
1,1, 3-tris (2-methyl-4-hydroxy-5-tert-butylphenyl ) 
butane; 

1, 1, 3-tris (2-methyl-4-hydroxy-5-cyclohexylphenyl ) 
butane; 

4, 4' -thiobis ( 6-tert-butyl-2-methylhenol ) ; 
4,4' -diphenol sulfone; 

4- isopropoxy-4 f -hydroxydiphenyl sulfone; 
4-benzyloxy-4' -hydroxydiphenyl sulfone; 

4 , 4 ' -diphenol sulfoxide; 
isopropyl p-hydroxybenzoate; 
benzyl p-hydroxybenzoate; 
benzyl protocatechuate; 
stearyl gallate; 
.lauryl gallate; 
octyl gallate; 

1, 7-bis (4-hydroxyphenylthio) -3, 5-dioxaheptane ; 
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1, 5-bis (4-hydroxyphenylthio) -3-oxapentane; 

1, 3- bis (4-hydroxyphenylthio) propane; 

1, 3- bis (4-hydroxyphenylthio) -2-hydroxypropane; 

N-N' -diphenylthiourea; 

N-N' -di (m-chlorophenyl) thiourea; 

salicylanilide; 

5-chloro-salicylanilide; 

2-hydroxy-3-naphthoic acid; 

2 -hydroxy- 1 -naphthoic acid; 

l-hydroxy-2 -naphthoic acid; 

metal salts such as zinc, aluminum and calcium 
salts of hydroxynaphthoic acid; 

methyl bis ( 4-hydroxyphenyl ) acetate; 
benzyl bis (4-hydroxyphenyl) acetate; 
I, 3-bis (4-hydroxycumyl) benzene; 

1, 4-bis (4-hydroxycumyl) benzene; 

2, 4' -diphenol sulfone; 
3,3'-diallyl-4,4 f -diphenol sulfone; 

a,a-bis (4-hydroxyphenol) -a-methyltoluene ; 
antipyrine complex of zinc thiocyanate; 
tetrabromo bisphenol A; and 
tetrabromo bisphenol S. 

The leuco dye, color developer and auxiliary 
components are bound and retained on a support for 
manufacturing the thermosensitive recording material 
according to the present invention. Conventional binders 
may be appropriately used as the binder for this purpose. 
Examples of the binder include polyvinyl alcohol; starch 
and derivatives thereof; cellulose derivatives such as 
hydroxymethyl cellulose, hydroxyethyl cellulose, 
carboxymethyl cellulose, methyl cellulose and ethyl 
cellulose; water soluble polymers such as sodium 
polyacrylate; polyvinyl pyrrolidone, acrylamide/acrylic 
ester copolymers , acrylamide/acrylic ester/methacrylic 
acid ternary copolymers, alkali salts of styrene/maleic 
anhydride copolymers, alkaline salts of 

isobutylene/maleic anhydride copolymers, polyacryl amide, 
sodium arginate, gelatin and casein; emulsions of 
polyvinyl acetate, polyurethane, polyacrylic acid, esters 
of polyacrylic acid, vinyl chloride/vinyl acetate 
copolymers, polybutyl methacrylate and ethylene/vinyl 
acetate copolymers; and latex of styrene/butadiene 
copolymers and styrene/butadiene/acrylic copolymers. 

Auxiliary additives conventionally used for this 
kind of thermosensitive recording material, for example 
fillers, surfactants and heat-melt substances (or 
lubricants) may be used together, if necessary, in the 
present invention. Examples of the fillers include 



inorganic fine powders calcium carbonate, silica, zinc 
oxide, titanium oxide, aluminum hydroxide, zinc 
hydroxide, barium sulfate, clay, talc, and surface 
processed calcium and silica; and organic fine powders of 
urea-formalin resin, styrene/methacrylic acid copolymer 
and polystyrene resin. Examples of heat-melt substances 
include fatty acids such as stearic acid and behenic 
acid; fatty acid amides such as stearic amide and 
palmitic amide; metal salts of fatty acids such as zinc 
stearate, aluminum stearate, calcium stearate, zinc 
palmitate and zinc behenate; and p-benzylbiphenyl, 
terphenyl, triphenyl methane, benzyl p-benzyloxybenzoic 
acid, p-benzyloxynaphthalene, phenyl p-naphthoate, phenyl 
l-hydroxy-2-naphthoate, methyl l-hydroxy-2-naphthoate, 
diphenyl carbonate, dibenzyl terephthalate, dimethyl 
terephthalate, 1 , 4-dimethoxy naphthalene, 1,4-diethoxy 
naphthalene, 1 , 4-dibenzyloxy naphthalene, 1,2- 
bis (phenoxy) ethane, 1, 2-bis (3-methylphenoxy) ethane, 1, 2- 
bis (4-methylphenoxy) ethane, 1, 4-bis (phenoxy) butane, 1, 4- 
bis (phenoxy) -2-butene, dibenzoyl methane, 1,4- 
bis ( phenyl thio) butane, 1, 4-bis ( phenyl thio) -2-butene, 1,3- 
bis (2-vinyloxyethoxy) benzene, 1, 4-bis (2- 

vinyloxyethoxy) benzene, p- (2-vinyloxyethoxy) biphenyl, p- 
aryloxy biphenyl, p-propagyloxy biphenyl, dibenzoyloxy 
methane, 1 , 3-dibenzoyloxy propane, dibenzyl disulfide, 
1,1-diphenyl ethanol, 1,1-diphenyl propanol, p- 

(benzyloxy) benzyl alcohol, 1, 3-diphenoxy-2-propanol, N- 
octadecylcarbamoyl-p-methoxycarbonyl benzene and N- 
octadecylcarbamoyl benzene . 

[Effect] 

Images and backgrounds of the thermosensitive 
recording material according to the present invention in 
which the phenolic sulfone compound is used as the color 
developer is highly stable with excellent practical 
values . 
[Example] 

The present invention will be described in more 
detail with reference to Examples. "Parts" and as 
described hereinafter are expressed by "parts by weight" 
and "% by weight". 

Examples 1 to 5 and Comparative Example 

The following mixtures were pulverized in a ceramic 
ball mill for 2 days to prepare solutions A, B and C. 
[Solution A] 

3- (N-methyl-N-cyclohexylamino) -6-methyl-7- 
anilinof luorane 20 parts 

10% aqueous solution of polyvinyl alcohol 

20 parts 
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water 60 parts 

[Solution B] 

color developer in Table 1 20 parts 

10% aqueous solution of polyvinyl alcohol 

20 parts 

water 60 parts- 

[Solution C] 

calcium carbonate 20 parts 

5% aqueous solution of methyl cellulose 20 parts 
A solution for forming a thermosensitive coloring 
layer was prepared by mixing 10 parts of solution A, 20 
parts of solution B, 30 parts of solution C and 10 parts 
of 20% alkaline aqueous solution of isobutylene/maleic 
anhydride copolymer. A thermosensitive coloring layer 
was formed by coating this solution on a high quality 
paper with a surface area density of 50 g/m 2 so that the 
amount of the adhered dye becomes 0.5 g/m 2 . Then, the 
surface layer was calendered so that the surface 
smoothness becomes 500 to 600 seconds to prepare a 
thermosensitive recording material. 

Images were printed on the thermosensitive 
recording material obtained as described above by 
applying a temperature of 150°C and a pressure of 2 
kg/cm 2 for 1 second using a heat-gradient tester made by 
Toyoseiki Co. The image density and background density 
thereof was measured with a Macbeth densitometer, and the 
results are shown . in Table 1. 
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Table 1 



Item 

Sample 


Color Developer 


Background 
Density 


Image Density 


Example 1 


Compound Example 
No. 2 


0.7 


1.33 


Example 2 


Compound Example 
No. 11 


0.7 


1.32 


Example 3 


Compound Example 
No. 2 6 


0.8 


1.32 


Example 4 


Compound Example 
No. 20 


0.7 


1.33 


Example 5 


Compound Example 
No. 27 


0.7 


1.31 


Comparative 
Example 


Bisphenol A 


0.8. 


1.32 



Oil resistance and alcohol resistance of the sample 
after printing were tested. Cotton seed oil and ethyl 
alcohol were independently coated on a sample with a 
degreased cotton, and densities of the image and 
background were measured after allowing the sample to 
stand for 24 hours. The results are shown in Table 2. 
Table 2 



Item 

Sample 


Stability of Image 


Stability of 
Background 


Oil 
Resistance 


Alcohol 
Resistance 


Oil 
Resistance 


Alcohol 
Resistance 


Example 1 


1.29 


1.30 


0.11 


' 0.14 


Example 2 


1.30 


1.30 


0.13 


0.15 


Example 3 


1.27 


1.29 


0.14 


0.1 


Example 4 


1.31 


1.27 


0.13 


0.14 


Example 5 


1.29 


1.31 


0.12 


0.14 


Comparative 
Example 


0.22 


0.89 


0.21 


0.59 



Tables 1 and 2 show that the thermosensitive 
recording material according to the present invention has 
a sufficient coloring density of the image with high 
whiteness of the background, indicating that the 
thermosensitive recording material is excellent in 
practical applicability with high stability of the image 
and background. 
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